We investigate the possibility of using the center-edge asymmetry to distinguish graviton exchange from other new physics effects at hadron colliders. Specifically, we study leptonpair production within the ADD and RS scenarios. At the Tevatron, the graviton-Z interference is the most important contribution to the center-edge asymmetry, whereas at the LHC, the dominant contribution comes from gluon fusion via graviton exchange, which has no analogue at e + e − colliders. We find that spin-2 and spin-1 exchange can be distinguished up to an ADD cut-off scale, M H , of about 5 TeV, at the 95% CL. In the RS scenario, spin-2 resonances can be identified in most of the favored parameter space.
Introduction
There exists a variety of proposals of what may come beyond the Standard Model (SM), many different scenarios introduce new fundamental particles and forces at very high mass scales. Some of these different proposals are: composite models of quarks and leptons [1, 2] ; exchanges of heavy Z ′ [3, 4] and (scalar and vector) leptoquarks [5] ; R-parity breaking sneutrino exchange [6, 7] ; anomalous gauge boson couplings [8] ; Kaluza-Klein (KK) graviton exchange, exchange of gauge boson KK towers or string excitations, etc. [9] [10] [11] [12] [13] [14] [15] [16] . There is a hope that new physics (NP) effects will be observed either directly, as in the case of new particle production, e.g., Z ′ and W ′ vector bosons, SUSY or Kaluza-Klein (KK) resonances, or indirectly through deviations, from the SM predictions, of observables such as cross sections and asymmetries.
Over the last years, intensive studies have been carried out, of how different scenarios involving extra dimensions [14] [15] [16] [17] [18] would manifest themselves at high energy colliders such as the Tevatron, the Large Hadron Collider (LHC) and an e + e − Linear Collider (LC) [9] [10] [11] [12] [13] [14] [15] [16] . We shall consider the possibility of distinguishing such effects of extra dimensions from other NP scenarios at hadron colliders, focusing on two specific models involving extra dimensions, namely the Arkani-Hamed-Dimopoulos-Dvali (ADD) [14] and RandallSundrum (RS) [15] scenarios with emphasis on the lepton pair production process. These models lead to very different phenomenologies and collider signatures.
The large extra dimension scenario (ADD) predicts the emission and exchange of KK towers of gravitons. The effect of the graviton towers can be described through a set of dimension-8 operators characterized by a large cut-off scale, M H [9] . The distortion of the differential Drell-Yan cross section at large values of the dilepton invariant mass through these dimension-8 operators can probe such high mass scales in a manner similar to searches for contact interactions in composite models. The shape of the invariant mass distribution will tell us that the underlying physics arises from dimension-8 operators, while the angular distribution of the leptons at large dilepton invariant masses would have the shape expected from the exchange of a spin-2 object, confirming the gravitational origin of the effect.
The phenomenology of the RS model with warped extra dimensions is very different from the ADD model in two aspects: (i) the spectrum of the graviton KK states are discrete and unevenly spaced while it is uniform, evenly spaced, and effectively a continuous spectrum in the ADD model, and (ii) each resonance in the RS model has a coupling strength of 1/TeV while in the ADD model only the collective strength of all graviton KK states gives a coupling strength 1/TeV. The RS model predicts TeV-scale graviton resonances which might be produced in many channels, including the dilepton channel. The spin-2 nature of the graviton resonance can be determined from the distinct shape of the angular distribution of the final state leptons in Drell-Yan production at the Tevatron and LHC.
Many different NP scenarios may lead to the same or very similar experimental signatures. Therefore, searching for effects of extra dimensions can be jeopardized by the misidentification of their signal with other possible sources of new phenomena. Thus, it is important to study how to differentiate the corresponding signals.
One can develop techniques which will help dividing models into distinct subclasses. In this paper we shall discuss a technique that makes use of the specific modifications in angular distributions induced by spin-2 exchanges. This method is based on the centeredge asymmetry A CE [11, 19] , an integrated observable which offers a way to uniquely identify KK graviton exchange (or any other spin-2 exchange). In a situation with limited statistics, this may represent an advantage over a fit to the angular distribution.
In Sec. 2 we define a hadron collider version of the center-edge asymmetry, and give the cross sections relevant for lepton production. Thereafter, in Sec. 3, we study the effects of introducing angular cuts related to the detector geometries. In Sec. 4 we then discuss how the center-edge asymmetry can be used to identify spin-2 exchange at both the LHC and the Tevatron. Finally, in Sec. 5 we summarize our results.
2 The center-edge asymmetry A CE At hadron colliders, lepton pairs can in the SM be produced at tree-level via the following sub-process
where we shall use l = e, µ. If gravity can propagate in extra dimensions, the possibility of KK graviton exchange opens up two tree-level channels at hadron colliders in addition to the SM channels, namely
where G represents the gravitons of the KK tower. At the LHC, the gluon-fusion channel can give an important contribution, since it has a different angular distribution arising from the difference between the gluon-graviton and quark-graviton couplings, combined with the high gluon luminosities. Consider a lepton pair of invariant mass M at rapidity y (of the parton c.m. frame) and with z = cos θ cm , where θ cm is the angle, in the c.m. frame of the two leptons, between the lepton (l − ) and the proton P 1 . The inclusive differential cross section for producing such a pair, can at the LHC proton-proton collider be expressed as
Here, dσ even/dz and dσ odd/dz are the even and odd parts (under z ↔ −z) of the partonic differential cross section dσ/dz, and the minus sign in the odd term allows us to interpret the angle in the parton cross section as being relative to the quark momentum (rather than P 1 ). Furthermore, K is a factor accounting for higher order QCD corrections (we take K = 1.3, which is a typical value), f j|P i (ξ i , M) are parton distribution functions in the proton P i , and the ξ i are fractional parton momenta
We also made use of the relation dξ 1 dξ 2 = dM(2M/s)dy and have M 2 = ξ 1 ξ 2 s, with s the pp c.m. energy squared.
At the Tevatron, taking into account that one beam consists of antiprotons, the following substitution must be made in (2.3):
The center-edge and total cross sections can at the parton level be defined like for initial-state electrons and positrons [11, 19] :
These will play a central role in the center-edge asymmetry at the hadron level. At this point, 0 < z * < 1 is just an arbitrary parameter which defines the border between the "center" and the "edge" regions.
At hadron colliders, the center-edge asymmetry can for a given dilepton invariant mass M be defined as
where we obtain dσ CE /dM and dσ/dM from (2.3) by integrating over z according to Eq. (2.6) and over rapidity between −Y and Y , with Y = log(
We note that terms in the parton cross sections that are odd in z do not contribute to A CE ; and that
Conversely, the odd terms of the partonic cross section determine the familiar forwardbackward asymmetry A FB : 10) where the two signs in the integration over y refer to the proton-proton and protonantiproton cases, respectively. Note that on the right-hand side of Eq. (2.10) the gluongluon channel will not contribute, as it is symmetric in z.
In order to develop some intuition for the different contributions to the cross section, and to the asymmetry A CE (M), we shall first study the ideal case where no angular cuts have been imposed. The modifications caused by quasi-realistic cuts will be discussed in Sec. 3.
A CE in the ADD Scenario
Let us now consider the ADD scenario [14] , where gravity is allowed to propagate in two or more compactified, but still large, extra dimensions. This gives rise to a tower of (massive) KK gravitons with tiny mass splittings. In the Hewett approach [9, 20] , the summation over KK states (of mass m n ) is performed by the following substitution:
where λ is a sign factor, and G N is Newton's constant. This approach takes into account the fact that the ultraviolet behavior of the scenario is unknown (for a recent discussion, see [21] ). In particular, there is no dependence on the number of extra dimensions. We then have the following parton differential cross sections [22] , where double superscripts refer to interference between the respective amplitudes (with z the cosine of the quark-lepton angle in the dilepton c.m. frame, and averaged over quark and gluon colors):
Here, fermion masses are neglected, and we define
Note that, in contrast to the integrated cross section, where bothσ Gγandσ GZvanish, the interference between graviton and Z exchange may play an important role in enhancing the sensitivity to the graviton exchange. Actually, one should observe from Eqs. (2.12) and (2.6) that such interference is suppressed, for M/M H < 1, by a factor (M/M H ) 4 relative to the SM, while all "pure" graviton exchange contributions are suppressed by the more severe factor (M/M H ) 8 . Therefore, in particular, the gluon-gluon channel is expected to give a significant contribution only at the LHC collider thanks to the large gluon-gluon luminosities available there.
For the SM contribution to the center-edge asymmetry, we see that the convolution integrals, depending on the parton distribution functions, cancel, and the result is 16) which is independent of M and identical to the result for e + e − colliders [11] . Hence, in the case of no cuts, there is a unique value, z * 0 , of z * for which A SM CE vanishes [23] :
corresponding to θ cm = 53.4
• . The structure of the differential SM cross section of Eq. (2.12) is particularly interesting in that it is equally valid for a wide variety of NP models: composite-like contact interactions, Z ′ models, TeV-scale gauge bosons, etc. Conventional four-fermion contactinteraction effects of the vector-vector kind would yield the same center-edge asymmetry as the SM. If however KK graviton exchange is possible, the tensor couplings would yield a different angular distribution, hence a different dependence of A CE on z * . In particular, the center-edge asymmetry would not vanish for the same choice of z * = z * 0 and, moreover, would show a non-trivial dependence on M. Thus, a value for A CE different from A SM CE would indicate non-vector exchange NP.
The other important difference from the spin-1 exchange originating fromannihilation is that the graviton also couples to gluons, and therefore, it has the additional gg initial state available, see Eq. (2.12). As a result of including graviton exchange, the center-edge asymmetry is no longer the simple function of z * in Eq. (2.16).
Parton-level asymmetry
We start the quantitative discussion of the A CE asymmetry by considering a simple, limiting case which illustrates, at the parton level, the M-behavior of the gg vs.subprocesses and the corresponding interference with the SM. In Fig. 1 we show the 'parton-level' quantity
Thus, in this example, we take the 'protons' to consist of only u quarks, u antiquarks and gluons. In a collision among such 'protons', we also require the probability of finding a uū pair to be equal to the probability of finding a gg pair (the respective convolution integrals are set equal to unity), independent of the invariant mass M. In this limit, the mass dependence arises solely from the parton-level cross sections. Furthermore, we consider z * = z * 0 ≃ 0.596, such thatσ SM uū,CE = 0. We note that in the limit M ≫ M Z , the contributions to A CE given in Fig. 1 are of the form f (M/M H ). Sinceσ GZ qq,CE ∝ a e a q , a cancellation would occur if both d-and u-quarks (a d = −a u ) were considered with equal weight. This cancellation is only partial when differences in parton distributions are accounted for.
For z * = z * 0 as suggested by Eq. (2.17), and considering the limits of pure glue-glue and pure qq, we find:
which shows that gluon-fusion events are more "centered" than quark-antiquark annihilation events with graviton exchange. Furthermore, since both quantities in (2.21) are positive, pure graviton events are in general more centered than SM events. From the cross section formulas (2.15) [see also (2.9)] we see thatσ
At very large M, the SM result, and therefore also the interference, will be negligible. In this case,σ G gg andσ G uū will contribute 60% and 40% to the cross section. Therefore, for large M, using the values of Eq. (2.21), we find that A CE → 0.6 × 0.453 + 0.4 × 0.111 = 0.314, in agreement with Fig. 1 . This limit is also applicable at the peak of an RS-graviton resonance (where the interference vanishes). However, as we shall see below, when parton distributions are included, the simple relation 3:2 between the cross sections for gluon fusion and quark-antiquark annihilation with graviton exchange is no longer valid.
Including parton distributions
When parton distributions are included, the picture changes, since the relative probabilities of finding a gg pair and apair of invariant mass M will depend on M, as well as on the collision energy, and whether one considers the Tevatron (pp) or the LHC (pp). In To compute cross sections we use the CTEQ6 parton distributions [24] .
At the Tevatron, it is the graviton-Z interference term which is dominant, whereas the gluon-fusion channel is almost negligible at this energy. We note that the interference between the graviton and Z amplitude has opposite sign compared to that which occurs in the process e + e − → l + l − [11] . This is because there is a difference in sign between the axial vector couplings a u and a ℓ , uū → l + l − being the most important initial-statechannel. From Eq. (2.15) it is obvious that only the graviton-Z interference term is affected by the choice of λ.
The situation is quite different at a pp collider like the LHC. Here we see that the contribution from gluon fusion (dash-dotted) actually is the most important one. As a result, A CE becomes positive at large M, independent of the sign of λ.
A CE in the RS Scenario
Another scenario involving extra dimensions, is the RS scenario [15] . Here we shall consider the simplest version of this scenario, with only one extra dimension. The main difference from the ADD scenario is that there will be narrow graviton resonances with masses of the order of TeV, with couplings comparable to weak couplings. In the RS scenario, the spacing between KK resonances can give some hints to the underlying physics. However, it is conceivable that the second resonance would be outside the accessible range of the experiment, such that only the first one would be discovered. It would then be of great interest to determine whether it is a graviton resonance or something less exotic, like a Z ′ with vector couplings. This model has two independent parameters, which we take to be k/M Pl and m 1 , where k is a constant of O(M Pl ) (k/M Pl is in the range 0.01 to 0.1 [10] ), and m 1 is the mass of the first graviton resonance. The summation over KK states is performed without using the substitution in Eq. (2.11), but instead modifying in the left-hand side the graviton coupling to matter 22) while keeping the sum over propagators. Here, x 1 = 3.8317 is the first root of the Bessel function J 1 (x n ) = 0 [15, 10] . The deviations of A CE from the SM value (which is zero for z * = z * 0 as defined in (2.17), still without introducing any cuts) are localized in the invariant mass of the lepton pair around the resonance mass, as is illustrated in Fig. 3 for k/M Pl = 0.05 and m 1 = 500 GeV (m 1 = 2.5 TeV) at the Tevatron (LHC). For this choice of parameters, it is unlikely that the second resonance will be discovered. We have used the definition of A CE given in Eq. (2.7).
The graviton-Z interference term vanishes, and thus changes sign, at the resonance M = m 1 . At "low" energies, this interference gives the dominant contribution to A CE (see left panel of Fig. 3 ). This implies that if one integrates over some region in M around the resonance, there will be a strong cancellation. In fact, the contribution from graviton-SM interference almost vanishes when integrated symmetrically around the resonance in the RS scenario, reducing the search reach for gravitons in the RS model at the Tevatron, when using the center-edge asymmetry. This is not the situation for the high energy attained at LHC, dominated in practice by the gg process with graviton exchange, see Fig. 3 .
Introducing cuts
We next introduce angular cuts, in order to account for the fact that detectors have a region of reduced or no efficiency close to the beam direction. Thus, dσ/dM and dσ CE /dM of Eq. (2.7) are replaced by
where the z cut is determined by detector capabilities, and y max may be less than Y = log( √ s/M) as a consequence of the angular cuts. When translated from the laboratory frame to the dilepton c.m. frame, the angular cuts become boost dependent. Hence, z cut = z cut (y).
LHC
At the LHC, the lepton pseudorapidity cut is |η| < η cut = 2.5 for both leptons [25] , which corresponds to −z lab cut < z lab < z lab cut (with z lab = cos θ lab ) and z lab cut = tanh η cut ≃ 0.987. These cuts should however be transformed from the lab system to the c.m. system of the two leptons (where the leptons are back-to-back). This gives for the cosine of the lepton angles in the c.m. system the following 'visible' z range
where y is the rapidity of the c.m. frame of the lepton pair w.r.t. the lab frame (pp c.m. frame). Note that for a given y the visible z region for detection of one lepton is not symmetric around z = 0 unless y = 0. Since we require both leptons to be detected, we combine the two regions given above into the symmetric region
where β = tanh y. This means that we have to require |y| < η cut = 2.5 in addition to the limits |y| < Y = log( √ s/M), hence y max = min(η cut , Y ). At the LHC, the cut |y| < η cut affects the rapidity integration range for values of M below 1.15 TeV. In addition to the angular cuts, we impose on each lepton a transverse momentum cut
which leads to |z| < 1 − (2p cut ⊥ /M) 2 . This cut affects the z integration range for M < 0.25 TeV at the LHC. Thus, the over-all cut on z will in general depend on both y and M.
Tevatron
At the Tevatron, the cuts are more complicated, since both detectors there have some additional coverage close to the beam pipe ('end plugs') in addition to the central part of the detector. As an example, we shall here consider the following cuts. We want either both leptons in the Central Calorimeter (CC), |η| < 1.1 (corresponding to |z lab | < 0.800) or one lepton in the Central Calorimeter and one lepton in an End Cap (EC), 1.5 < |η| < 2.5 (corresponding to 0.905 < |z lab | < 0.987) [26, 27] (see Fig. 4 ). We get the restrictions on the z range given in Appendix A, and shown in Fig. 5 .
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only affects the integration range in y for invariant dilepton masses M < 0.32 TeV at the Tevatron. Like for the LHC, we also impose the p ⊥ cut of Eq. (3.4). Note that terms that are odd in z = cos θ cm do not contribute to A CE , since, as previously emphasized, the integration limits are always symmetric around z = 0. Consequently, the applied experimental cuts in the laboratory frame must respect this symmetry in order to measure this observable.
The vanishing of A SM CE
As pointed out in the final part of Sec. 2.1, the zero point of A CE can be a good indicator of the usefulness of this observable in discriminating against the SM as well as any new physics based on vector couplings. If the zero point is little changed by the inclusion of gravity effects, then it is unlikely that A CE will be useful. We will now discuss approaches for obtaining A SM CE = 0 in the presence of angular cuts. This can be done either differentially in y, or after an integration over y.
A rapidity-dependent approach
One can define a valueẑ * 0 , such that the parton-level center-edge cross section vanishes: Table 2 in Appendix A.
In the case of no angular cuts,ẑ * 0 = z * 0 , as given by Eq. (2.17). However, as anticipated at the beginning of this section, the introduction of cuts will contribute to a modification of this value, which will depend on both the rapidity and the invariant dilepton mass M considered.
When angular cuts are introduced (|z| ≤ z cut ), it follows from Eq. (2.15) that
One can thus determine the value of z * for whichσ SM CE vanishes, by solving a cubic equation. The solution can for the LHC be given by the simple expression
where
generalizing Eq. (2.17). In Fig. 6 , we display both z cut andẑ * 0 as functions of y for two values of the invariant dilepton mass. Since z cut = z cut (y) as given in Sec. 3.1,ẑ * 0 will also depend on y, but not on M for M > 0.25 TeV, where the p ⊥ cut of Eq. (3.4) plays no role.
At the Tevatron, the corresponding cubic equation is more complicated, since there for some range of |y| are two disjoint regions of |z|, and at large |y|, a region where low |z| are disallowed (see Fig. 5 ). 
Zeros of A CE and their M dependence
It is also possible to make A SM CE vanish after the introduction of cuts, by redefining z * 0 such that dσ
This provides a more global value for z * 0 , but since the parton distribution functions are involved in the integration over y, we cannot find an analytic expression for this quantity.
With the cuts discussed in Secs. 3.1 and 3.2, and using the center-edge definition in Eq. (2.7), z * 0 depends on the invariant mass of the lepton-pair as shown in Fig 7 ( the SM curve is the same in both panels). In addition to z * 0 (solid), we also plot the contours corresponding to A CE = 0 for λ = ±1 (dashed) in the z * -M plane for two cases, M H = 2 and 4 TeV, both at the LHC.
The M-dependence of z * 0 can qualitatively be understood as follows. At low invariant masses, also high y contribute to the cross section, but here z has an upper bound significantly below 1 (see Fig. 6 ). For higher masses, on the other hand, the dominant contribution comes from lower values of y, where z can reach higher values. In order to keep dσ SM CE /dM = 0, z * 0 has to increase with increasing mass M and tends to its asymptotic value ≈ 0.586, as seen in Fig. 7 .
Let us next consider the difference between z * 0 for the SM and the z * value at which A CE vanishes for the ADD case. First of all, at low M, graviton exchange does not play any role, due to the strongly suppressing factors (M/M H ) 4 At the Tevatron, the more complicated cuts lead to a different behavior, with decreasing z * 0 as M increases. In addition, the values for z * 0 for the SM and the ADD model are rather close in the region where the majority of events will occur. Consequently, in the case of the Tevatron, the usefulness of A CE is in fact not a priori guaranteed.
Identification of spin-2
In this section we assume that a deviation from the SM is discovered in the cross section, either in the form of a contact interaction or a resonance. We will here investigate in which regions of the ADD and RS parameter spaces such a deviation can be identified as being caused by spin-2 exchange. More precisely, we will see how the center-edge asymmetry can be used to exclude spin-1 exchange beyond that of the SM.
In order to get more statistics, one may integrate over bins i in M. We therefore define the bin-integrated center-edge asymmetry by introducing such an integration,
Here, the rapidity-dependent approach, withẑ * 0 (y) given by Eq. (3.7), and shown in Fig. 6 for the LHC, will be used. The advantage of this approach is that it is given by an explicit analytical expression, whereas the approach outlined in subsec. 3.3.2 depends on the Mrange considered.
To determine the underlying new physics (spin-1 vs. spin-2 couplings) one can introduce the deviation of the measured center-edge asymmetry from that expected from pure spin-1 exchange, A spin-1 CE (i) (which in our approach is zero), in each bin,
The bin-integrated statistical uncertainty is then given as
based on the number of events that are effectively detected and the A CE that is actually measured. We take the efficiency for reconstruction of lepton pairs, ǫ l = 90% and sum over l = e, µ.
The statistical significance, S CE (i) is defined as:
ADD case
In the ADD scenario, the identification reach in M H can be estimated from a χ 2 analysis: 5) where i runs over the different bins in M. The 95% CL is then obtained by requiring χ 2 = 3.84, as pertinent to a one-parameter fit [28] . At the LHC, with 100 fb −1 , we require M > 400 GeV and divide the data into 200 GeV bins as long as the number of events in each bin, ǫ l L int σ(i), is larger than 10. Therefore, the number of bins will depend on the magnitude of the (discovered) deviation from the SM.
We find that at the 95% CL, the identification reach at the LHC, where one can distinguish between the ADD and an alternative spin-1 based scenario, is M H = 4.77 TeV and 5.01 TeV for λ = +1 and −1, respectively. In the first case, we used 17 bins, whereas in the last case the number of bins was 13 (the numbers of bins are determined by the condition of having at least 10 events in each bin). If no cuts are imposed, one would obtain an improvement of the identification reach on M H , by up to 2%, with z * 0 ≃ 0.596. Therefore, at the LHC, the cuts have only a moderate impact on the results.
At the Tevatron, with 2 fb −1 , the lower limit on M is chosen to be M > 200 GeV, with 50 GeV bins. We find for the identification reach, M H = 0.87 TeV and 0.97 TeV for λ = +1 and −1, with 13 and 8 bins, respectively. If no cuts are imposed, one would obtain slightly improved limits, namely M H = 0.99 TeV and 1.06 TeV for the two cases, with 10 and 8 bins and z * 0 ≃ 0.596. Thus, the "modest" identification reach at the Tevatron is due to a combination of several effects (including partial cancellation of interference related to u and d quarks), and not primarily determined by the more severe cuts. However, these regions of parameter space have already been excluded by LEP [29] which has reached M H = 1.20 and 1.09 TeV (for λ = +1 and −1) (for Fermilab results, see [30, 31] ). In Table 1 we summarize the results, and also include the identification reach corresponding to an integrated luminosity of 300 fb −1 at the LHC. The obtained results depend on the procedure adopted for the binning. Let us first discuss the case when we keep the range in M fixed, M min ≤ M ≤ M max , but increase the bin width. The identification reach turns out to be rather independent of the bin width, as long as it does not increase by more than a factor of order two, compared to the value we have adopted. The reason is that when the bins become too large, then contributions from low masses, where there are many (SM) events, will dilute the signal in A CE . On the other hand, if we make the bin width smaller, we would have to reduce M max , in order to satisfy the condition of having at least 10 events in the highest bin. Such a reduction of M max normally leads to reduced sensitivity, since the new physics effects are strongest at high masses.
Consider next the case when we relax the constraint of keeping M max fixed. Then, by increasing the chosen bin width, one could obtain a somewhat higher identification reach on M H , since (in the approach we follow here) larger bin width would allow us to increase M max . However, keeping in mind the "effective character" of the interaction (2.11), such that M H represents integration over masses up to a cut-off, one should be careful not to go too close to M H .
In a less conservative approach, one could put all events between M max and 0.9 × M H into one additional bin. If one were to do that, the identification reach would increase. For example, for the LHC case, with 100 fb −1 (see Table 1 ), the identification reach would increase by 4% and 13% for λ = +1 and −1, respectively.
RS case
A very distinct feature of the RS scenario is that the resonances are unevenly spaced. If the first resonance is sufficiently heavy, the second resonance would be difficult to resolve within the kinematical range allowed experimentally. For m 1 > 1.7, 2.5, 2.8 TeV for k/M Pl = 0.01, 0.05, 0.1, respectively, the second resonance would contain less than 10 events at the LHC, for 100 fb −1 (in the narrow-width approximation). At the LHC (Tevatron), we choose a 200 GeV (50 GeV) bin around the resonance mass m 1 , and obtain the results presented in Fig. 8 , where we display the 2, 3 and 5σ contours, cf. Eq. (4.4), specialized to a single bin around m 1 . In order not to create additional hierarchies, we require the scale of physical processes on the 'TeV brane', Λ π = m 1 /[x 1 (k/M Pl )] < 10 TeV, as indicated in the figure [10] . Note that a spin-1 resonance (e.g., a Z ′ ) would give ∆A CE = 0, provided we useẑ * 0 as given by Eq. (3.7), or its analogue for the Tevatron. We integrate over bins of 50 and 200 GeV around the peak at the Tevatron and LHC, respectively. The theoretically favored region, Λ π < 10 TeV, is indicated.
RS -Tevatron
In the RS scenario, the LHC is capable of excluding or discovering graviton resonances [32] in the whole region referred to as the theoretically preferred part of the parameter space (Λ π < O(10 TeV)). We see that the center-edge asymmetry can distinguish spin-2 exchange from spin-1 exchange, in large parts of this theoretically favoured region. Note also that the corresponding bounds cover the regions of parameter space where only the first resonance is produced. The position of a second resonance would reveal its RS-nature from the mass splitting.
Concluding remarks
Exploring the center-edge asymmetry at hadron colliders is a good strategy to distinguish between spin-1 and spin-2 exchange. The proposed center-edge asymmetry may be seen as a possible alternative or supplement to a direct fit to the differential angular distribution [13, 32] .
We have considered the ADD scenario parametrized by M H , and the RS scenario parametrized by m 1 and k/M Pl . Although somewhat higher sensitivity reaches on M H or m 1 than obtained here are given by other approaches, this method based on A CE is suitable for actually pinning down the spin-2 nature of the KK gravitons up to very high M H or m 1 . This is different from just detecting deviations from the Standard Model predictions, and is a way to obtain additional information on the underlying new-physics scenario.
The results obtained appear to be only moderately dependent on the parametrization of the parton distribution functions used. Compared to CTEQ6 [24] , the MRST parametrization [33] , gives practically no change in A CE (since this is obtained as a ratio), but changes the identification reach by 1-2%, since the cross section increases and therefore the statistics improve.
The identification of a spin-2 exchange relies on first discovering a deviation from the Standard Model. For this purpose, the conventional cross section, σ, is more sensitive than A CE . The sensitivity of σ can be further extended by considering also the forwardbackward asymmetry, A FB , especially at the Tevatron, where thechannel is important. At the LHC, A FB is less useful, since it is insensitive to the gluon-gluon channel, as already remarked in Sec. 2, and since a cut of |y| > 1 is needed to enhance the probability to experimentally identify the proton from which the quark originated, thus reducing the number of events.
At a hadron collider, the case of spin-0 exchange would be more difficult to discriminate against, since the difference in A CE would be smaller. However, at an electron-positron collider with polarized beams, there are more observables available, and hence a discrimination might be possible [7, 11] .
We have here considered the dilepton channels. The identification reach can of course be extended by the inclusion of the diphoton and possibly also the dijet channels.
